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INTRODUCTION
Both the clinical dermatologist and the basic science investigator are coa-
stantly attempting to correlate structure and function; more and more one thinks
of morphology in terms of physiology and chemistry. This study was undertaken
in an attempt to arrive at a better understanding of the dynamic processes of
growth that occur in the human skin and its appendages. In such a study the
responses of the normal human epidermis play an important role.
One approach to a better understanding of growth is to alter the normal
structure in a controlled manner. Observation of the cellular responses of the
structure as it returns toward normal then gives added dynamic information
regarding structure and function.
The "Strip Method" reported by Pinkus (1) has provided us with an excellent
technic for producing controlled injury to the human epidermis. He has studied
and tabulated the morphologic and cytologic responses of these epidermal cells
as regeneration occurs. This technic and tool also makes it possible to follow, by
minute and hour, the histochemical responses of the human epidermis as it re-
covers from injurious stimuli.
This report deals with a correlation of the cytologic structure with the accumu-
lation and distribution of glycogen in human epidermis as it regenerates following
injury by the "Strip Method."
We shall discuss here only the responses of the general epidermal cells; the
responses of those specialized epidermal cells intimately associated with the sweat
duct and hair follicle will be presented in a subsequent report.
PROCEDURE
Seven young adult, (age 21 to 28 years), male volunteers, were utilized in the experiment.
The area selected for study was the skin of the hack between the lateral margin of the
scapula and the posterior axillary fold (an area reputed to develop the sweat retention
phenomenon when irritated by the friction of clothing).
A linear area of stratum corneum was stripped off with scotch tape, one inch in width,
using the technic described by 1inkus. At first 10 strippings (application and removal of
scotch tape) were applied to the same area of the skin on each subject. However, pre-
liminary observations of morphologic cellular responses were not consistent from subject to
subject. It then became apparent that in order to get consistent stripping and response,
from subject to subject and during repeated experiments in the same subject, the epidermis
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must be stripped until moisture appeared on tbe surface of the skin. To accomplish this for
example, from 16 to 24 strippings were necessary on comparable areas of skin even in the
same individual.
Biopsies were removed with the electric driven 5 mm. diameter, high-speed, rotary
punch (2) without local anesthesia or any local antiseptic. The biopsy was fixed immedi-
ately in Helley's solution. A pressure dressing was applied to control bleeding, but the
dressing in no way impinged upon the areas to he subsequently biopsied. Control biopsy
specimens were taken immediately before stripping. Biopsies taken after stripping were as
follows; 1) one group of 3 men: 16, 24, 48, and 72 hours after stripping; 2) one group of 3
men: 3, 5, 10, and 15 days after stripping; 3) one man: immediately (approximately S
minutes from the onset of stripping), 4, 8, 16, 24, 48, and 72 hours and 5, 10, and 15 days
after stripping.
Clycogen was demonstrated with the periodic acid-Schiff routine of McManus (3), using
dilute Harris hematoxylin as a counterstain. Control sections were hydrolysed with saliva
for 15 minutes at room temperature. Cytologic details were studied in sections stained with
hematoxylin and phloxine.
OBSERVATIONS
For the most part, the morphologic changes that we observed in the cells of
the epidermis after stripping paralleled those described by Pinkus (1). In addi-
tion, the specimen taken immediately after stripping (5 minutes from the onset)
showed morphologic changes that were not present in Pinkus' first biopsy taken
30 minutes after stripping (see below). When present, glycogen was usually in
the form of fine granules unless the cell was intensely laden, in which case the
granules were larger. When adjacent epidermal cells contained glycogen, the
intercellular bridges between these cells also contained fine glycogen granules.
However, when cells heavily laden with glycogen had adjacent cells completely
free of the material, no glycogen could be seen in the intercellular bridges. Within
the cell, the glycogen was heaviest at the periphery and lightest about the
nucleus; there usually was no difference between the concentration of glycogen
in the distal and proximal portion of any given cell.
In order to simplify this discussion, the epidermis will be divided into 4 zones,
since it reacts structurally and histochemically to injury in such a zonal fashion.
The zones from below outward are as follows: Zone 1 includes the basal cell layer
only. Zone 2 is made up of that portion of the stratum spinosum which includes
the proximal 2 or 3 polyhedral-shaped prickle cells, with well formed nuclei, that
tend to arrange their polarity in a vertical plane to the skin surface. Zone 3 is a
narrow zone involving the outer 3.- of the stratum spinosum. This zone is rela-
tively poor in its population of nuclei and consists of horizontally arranged,
flattened prickle cells with large pale nuclei. It also includes the stratum granu-
losum which is 1 to 2 cells in width. Zone 4 is made up of the stratum corneum
(and the stratum lucidum, if present).
Control biopsy
The normal epidermis before stripping contained little or no glycogen (Fig. in).
The basal cells were always entirely free of glycogen. In some specimens an
occasional prickle cell in Zone 2 would contain moderate amounts of glycogen
granules (Fig. ib). However, the entire Zone 2 contained a faint haze or blush
HISTOCHEMICAL RESPONSE OF HUMAN EPIDERMIS 191
FIG. 1. Control biopsies taken before injury, a. Note the absence of Schiff-positive
material in this section. b. Note the faint Schiff -positive Zone 2 in contrast to the Schiff-
negative Zone 3. (McManus procedure counterstained with hematoxylin). Mag. X850.
of Schiff-positive material that could be wiped out with saliva. This was in
sharp contrast to Zone 3, which was completely devoid of any Schiff coloring.
With the McManus procedure, Zone 3 stood out distinctly by having the pink
of Zone 2 on its proximal border and the darkness of the stratum granulosum
acting as its distal border. The stratum corneum (Zone 4) was also Schiff-negative.
Immediately after stripping (5 minutes after the beginning of injury)
When the epidermis was adequately stripped (moisture appearing on the
surface of the skin), the entire stratum corneum was removed, thus exposing the
granular cells to the surface. The most striking immediate change, however, did
not occur on the surface but rather in the basal cel]s (Fig. 2). These cells were seen
to be swollen to almost twice their original size. This swelling took place in the
cytoplasm which was clear and completely devoid of any stain or counterstain
(McManus procedure and Hematoxylin phloxine). These large succulent cells.
attached to the epidermis, crowded each other into various balloon shapes and
— _ci
H
HTh!t
4,
s:'- ftt1' *4' .
192 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Fio. 2. Biopsy taken immediately after the completion of injury. (Removal of the
stratum corneum.) The basal cells (Zone 1) are swollen to almost double their size and the
cytoplasm does not stain. The remainder of the epidermis (Zone 2 and 3) is flattened, con-
densed and compressed. Zone 3 now exposed to the surface, stains darkly with hematoxylin
(McManus procedure counterstained with hcmatoxylin). Mag. X850.
extended distally to various levels from their base. Zone 1 (basal layer) occupied
)4 to j of the entire depth of the epidermis at that time.
With McManus technic, the complete absence of color in the cytoplasm of
Zone 1 was in sharp contrast to the rest of the epidermis. Zone 2, still faintly
Schiff-positive, was compressed against Zone 3 so that in some areas the two zones
were scarcely distinguishable. An occasional cell in Zone 2 also became swollen
in a manner similar to the basal cells. The cells in Zone 3 were even more flattened
than normally. The nuclei were also flattened and pycnotic, not only in the gran-
ular cells but in the spinosum cells as well. Zone 3, still Schiff-negative, became
dark with hematoxylin counterstain.
4 hours after stripping
At this time all Schiff-positive material had suddenly disappeared from all
cells and all zones. It was thus impossible to distinguish by color any zonal de-
marcation. Morphologically the basal cells could not be distinguished from the
lower spinosum cells in Zone 2. Zone 3, now more compressed, still lay naked on
the surface, its pycnotic nuclei even smaller and paler. No clearly marked cell
borders were seen. Zone 3 thus began to appear as a thin parakeratotic layer, 2
nuclei in width, in direct contact with Zone 2.
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FIG. 3. Biopsy taken 8 hours after injury. The basal cells are now heavily laden with
glycogen. (McManus procedure counterstained with hematoxylin). Mag. X850.
8, 16, and 24 hours after stripping
Once again Zone 1 (basal cells) was easily identified with the McManus pro—
cedure, and for the first time became Schiff-positive (glycogen) (Fig. 3). At 8
hours approximately 90 % of these basal cells had become heavily laden with
glycogen. This was the only Schiff-positive material in the epidermis at that
time. At 16 hours the number of basal cells containing glycogen began to decrease
so that approximately 70% were so involved; at 24 hours only 50% of the basal
cells contained glycogen. At this 24 hour observation the first faint trace of
glycogen began to appear in the mid-epidermis.
The morphologic changes of the epidermal cells were the same as those de-
scribed by Pinkus. At 24 hours a few mitoses were seen in the basal layer. At
these cells then began their "mitotic unrest" their glycogen content disappeared.
Interestingly, Zone 3 became more and more a parakeratotic layer. Thus at 24
hours after stripping it was distinct as such and was 3 pycnotic nuclei in depth.
This parakeratotic Zone 3 was then strongly eosinophilic with phloxine stain.
As such, it was sharply demarcated from its neighbor (Zone 2). Interestingly too,
the distal cells of Zone 2 were beginning to arrange themselves horizontally to the
surface thereby taking on the aspects of Zone 3. Thus, the regenerative phase was
getting under way with the beginning of the migration of the Zones outward.
48 hours after stripping
Once again the entire basal cell zone (Zone 1) was completely devoid of glyco-
gen. It was at this point that the peak of mitotic activity was reached (Fig. 4).
7'
Sr 1
a
194 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 4. Biopsy taken 48 hours after injury. The peak of mitotic unrest. Note: 1) the
absence of Schif'f-positive material, 2) the mitoses, 3) the increase in depth of Zone 3 due to
an increase in granular cells, 4) parakeratotic Zone 4. (McManus procedure counterstained
with hematoxylin). Mag. X850.
These mitoses occurred mostly in the basal cells. The faint trace of glycogen seen
inthe mid-epidermisat 24 hourswas still present. Zone 3 remained Schiff-negative.
The cells in Zones 1 and 2 were still enlarged. The depth of Zone 3 was then
at its maximum, occupying 25 % of the entire epidermal space. Zone 3 was made
up of 1 large spinosum cell and a thickened stratum granulosum comprising at
least 3 large granular cells. Zone 4 had unequivocally returned as a dense para-
keratotic plate, 3 to 4 pycnotic nuclei in depth.
72 hours and 5 days after stripping
The tremendous cytologic unrest seen at 48 hours was abating. Only a few
mitotic figures were seen, and in such areas glycogen was still absent. But the
next striking phase of glycogen accumulation had become obvious. At that time
Zone 2 was seen sharply demarcated with the McManus stain (Fig. 5). At 72
hours its cells had accumulated moderate amounts of glycogen arranged in a
spotty distribution. 5 days after stripping, however, this entire Zone 2 was red
with Schiff material, all of which was glycogen. The amount of glycogen would
vary from cell to cell but most all would contain it. At 5 days, the contrast be-
tween Zone 2 and Zone 3 was once again striking, due to the total lack of Schiff-
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Ftc. 5. Biopsy takeo 72 hours after injury. Glycogen is heavy in Zone 2 (the polyhedral
spinosum cells) but absent in Zone 1 (basal cells) and Zone 3. Note the sharp contrast be-
tween the glycogen rich Zone 2 and the glycogen poor Zone 3. (McManus procedure counter-
stained with hematoxylin). Mag. x850.
positive material in the latter and the heavy amount of it in the former. Mor-
phologically Zone 3 had returned to normal. Zoue 4 too had a normal appearing
stratum eorneum that was still pushing off the parakeratotic plate at the surface.
10, and 15 days after stripping
Morphologically the entire epidermis had now returned to normal. The dense
accumulation of glycogen in Zone 2 seen at 5 days was no longer present; at 10
days only a few cells retained glycogea; at 15 days most specimens of the epider-
mis were again Schiff-ncgativc.
DISCUSSION
The results described above show two major accumulations of glycogea within
the epidermal cells after the epidermis has been injured in a controlled fashion.
1) Eight hours after injury the previously swollen basal cells accumulate dense
amounts of glycogen as a seeming prelude to the burst of mitotic activity that is
to come later. All this glycogen (declining gradually over the next 16 hours) had
completely disappeared at the time of the peak of tremendous mitotic unrest
(48 hours after injury) thus demonstrating the reciprocal relationship that occurs
between the presence of glycogen and the presence of mitoses in these cells. 2)
Between 3 and 4 days after injury the large spinosum cells of the mid-epidermis
(Zone 2) arc obviously accumulating dense amounts of glycogea. (This was first
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evident in trace amounts in the 24 hour biopsy.) These heavy glycogen concentra-
tions gradually disappear over the next 4 days. The glycogen layer of Zone 2 is in
marked contrast to the outer of the stratum spinosum (Zone 3) that remains
entirely Schiff-negative.
Of equal interest and perhaps significance is the total absence of all Schiff-
positive material, 1) in the swollen basal cells immediately after injury, 2) in all
epidermal cells 4 hours after injury, and 3) in Zone 3 throughout the entire
experiment.
The reason for the accumulation of glycogen in a cell, or the method and pur-
pose of its utilization, is still not well understood. The several theories encompass
both aerobic and anaerobic glycolysis and it must be explained on the basis of
either one of these systems. Scothorne and Scothorne (4) present an excellent
discussion of such concepts and conclude that for their studies ". . . none of the
possible explanations of the accumulation of glycogen is entirely satisfactory, and
the phenomenon can merely be recorded as one of the characteristics of grafted
epidermis." The relation of the purpose of glycogen accumulation (or depletion)
and cellular activity has been recorded by many authors (4—11). It might be of
interest to list some of these observations. All are agreed that in undamaged skin
the epidermis contains no glycogen. Claude Bernard (5) described abundant
glycogen in the epidermis of the embryonic cow and showed how this glycogen
in the soft inner layers of the hoof disappears from each cell as the latter becomes
keratinized. Bradfield (9) suggests that glycogen might supply the energy neces-
sary for the synthesis of the protein keratin. The Scothornes (4), working with
human epidermis, found glycogen in the zone of protein synthesis between the
basal and the granular layer (as in our Zone 2 at 3 to 5 days after stripping).
They thought it reasonable to assume that its breakdown provides some energy
for this synthetic activity.
Montagna et al (8), studying human epidermis, also review the subject of
glycogen accumulation in the mid-epidermis of the human. They note that such
accumulation occurs where the normal rate of keratinization has been blocked or
impaired by a damming with keratinized material. In sites of rapid keratinization
and in mitotically active areas on the other hand, glycogen is seldom seen.
Montagna et al (11), also demonstrate that glycogen is found normally in the
spinosum cells of the human hair follicle only immediately following active pro-
liferati9n. Glycogen accumulation has also been regarded as a degenerative
phenomenon (4).
In our studies, the accumulation of glycogen in Zone 2 at 3 to 5 days after
injury is of the same type and location observed by all workers in the field in
human and animal epidermis. Whether the purpose of such glycogen is to supply
energy for keratinization (as suggested by Firket (7), Bradfield (9), and Scothorne
(4)), whether it results from a slowing up of keratinization and thus a damming
up of glycogen (as suggested by Montagna (8)) or whether the glycogen is there
because these cells have just finished a phase of active proliferation and mitosis
(as Montagna (ii) observed in the hair follicle) is difficult to decide at present.
The most unusual and striking glycogen accumulation which occurs only in
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the basal cell layer between 8 and 24 hours, is a phenomenon that to our knowl-
edge has not yet been described following controlled injury. Its presence there has
been noted (see Fig. 2 in Montagna, Chase and Lobitz (11)) as a ". . . rare
exception and the skin may have been irritated."—a probability which we can
now confirm. This accumulation cannot be explained on the basis of degeneration
since the basal cells, cytologically, are actually recovering and seem to be begin-
ning their regenerative phase. That it results from the slow rate of anaerobic
glycolysis also seems unlikely, since these basal cells, so closely approximated to
the sub-epidermal blood supply, should have adequate oxygen when compared
with the mid-epidermal spinosum cells. The time factor involved with the accu-
mulation of glyeogen in these cells, just before they burst vigorously into mitotie
activity, might indicate that the glycogen was there to supply energy for such
unusual mitotic unrest.
We may conclude that a heavy load of glycogen in the basal cells is a true
indication of injury to the epidermis during the preceding 8 to 24 hours. We can
only postulate, at this time, that it plays a definite role in the recovery process
which follows. By the same token, the accumulation of glycogen in the mid-
epidermis is another indication of recovery from injury, but at a later stage. For
a more immediate and practical use for investigator and clinician alike, may not
these various glyeogen accumulations act perhaps as signposts to indicate pre-
vious epidermal damage and the approximate stage of recovery from it.
SUMMARY
1. The epidermis of normal adult young men was injured by the "Strip
Method" of Pinkus.
2. Biopsies were taken at various intervals after injury and stained with the
McManus technic for glycogen and other Sehiff-positive materials.
3. Two major accumulations of glyeogen were observed in the epidermis: a.
in the basal cells of the epidermis at 8, 16, and 24 hours after the completion of
injury, b. in the spinosum cells of the mid-epidermis at 3 to 5 days after injury.
4. Of equal interest and perhaps significance is the total absence of glyeogen
and all Schiff-positive material, a. in the swollen basal cells immediately after
injury, h. in all epidermal cells four hours after injury, c. in the outer zone of
epidermis that includes the horizontally arranged and flattened spinosum cells
and the granular cells (designated as Zone 3) throughout the entire experiment.
5. These histoehemieal changes were correlated with the cellular activity of the
epidermis and discussed accordingly.
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